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© Carriage assembly for high track density flexible magnetic disk drive. 



© A carriage assembly for use with high track 
density flexible magnetic disk drive systems that 
comprises a base carriage, which supports a perma- 
nent magnet, driven by a stepper motor used to 
achieve course positioning of the carriage assembly. 
A fine position acutator is attached to the base 
carriage by a pair of flexible metal strips that permit 
movement of the actuator relative to the base car- 
riage for fine positioning of a pair of magnetic heads. 
The fine position actuator comprises a voice coil 
bobbin, an upper arm which supports an upper mag- 
netic read/write head, a lower arm which supports a 
flower magnetic read/write head and a hinge which 
^connects the upper and lower arms. An optical servo 
qq tracking assembly mounted on the actuator senses 
(0 optical servo tracking information on a surface of a 
Nmagntic disk and generates a signal which activates 
50 the voice coil bobbin causing movement of the ac- 
COtuator relative to the base carriage. The materials 
Wused in the upper and lower arms and in the hinge 
©are chosen so as to nullify the effects of thermal and 
ft hygroscopic xpansion. 
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Carriage Assembly For High Track Density Fl xibl Magnetic Disk Drive 



The present invention relates generally to a 
carriage assembly for use with flexible magnetic 
disk drive systems and more particularly to a car- 
riage assembly that utilizes a stepper motor and a 
voice coil motor to permit optical servo tracking in 
a high track density flexible magnetic disk drive 
system. 

The track density of magnetic storage disks for 
conventional floppy disk drives is approximately 
forty-eight to one hundred thirty-five tracks per inch 
(TPI). In contrast, optical disk drives are capable of 
achieving track densities in excess of 15,000 TPI. 
These higher track densities are achieved through 
the use of closed loop optical servos that allow an 
optical read/write head to follow data track ec- 
centricities caused by defects in the medium and 
by disturbances from outside forces. In rigid type 
magnetic disk drives, track densities of up to 1500 
TPI are presently used. These drives commonly 
have multiple disks in which both sides are used 
for data. To achieve the high track density a dedi- 
cated surface of one of the disks is used for 
magnetic track servo information. 

Various techniques have been reported for us- 
ing optical means for acquiring track following ser- 
vo information contained on a magnetic recording 
medium. For example, Ahn, et al., in U.S. Patent 
4,633,451, issued on December 30, 1986, for 
"Optical Servo For Magnetic Disks", discloses the 
use of a laser diode to read track following servo 
information in the form of a plurality of spots con- 
tained in an optical layer positioned above a mag- 
netic recording layer. 

M. Johnson, in U.S. Patent 4,558,383, issued 
on December 10, 1985, for "Information Storage 
Disk Transducer Position Control System Using a 
Prerecorded Servo Pattern Requiring No Alignment 
With The Storage Disk", discloses a servo appara- 
tus having a sensor for detecting a pattern of spots 
on a surface of an information storage medium. 
The spots comprise a dense array of substantially 
translation invariant marks and separate information 
recording tracks are detected by measuring the 
rate at which the spots are detected. 

J. Cocke, et al., in U.S. Patent 4,587.579, is- 
sued on May 6, 1986, for "System for Position 
Detection On A Rotating Disk", disclose a servo 
control system comprising a detector for reading a 
plurality of spiral radial-position-encoding patterns 
on a medium. 

N. Koshino and S. Ogawa, in "Optical Method 
Of The Head Positioning In Magnetic Disk Sys- 
tems", preprint from IEEE Transactions on Mag- 
netics (1980), discloses an optical head for achiev- 
ing track following servo control which is mounted 



on the head arm and which includes an LED light 
source and three optica) fibers for delivering light to 
a medium. The medium comprises a plurality of 
circular optical tracks, dyed black, and located un- 

5 derneath a magnetic film. 

In U.S. Patent Application Serial No. 
07/178,542, filed April 7, 1988, an optical servo 
tracking head is disclosed for reading optical servo 
tracking information contained on magnetic media 

70 comprising nonreflecting servo areas situated ar- 
ound reflective land areas. 

Related work has occurred in the laser video 
disk area, from which optical disksfor digital data 
storage and the audio laser disk (CD) have 

is evolved. Fundamentally, the optical servo informa- 
tion is inscribed and used in the same way for all 
these disks. A laser and associated optics posi- 
tioned on a carriage assembly are used to acquire 
the optical servo information as well as to read data 

20 from the disk. Typically, CD disk drive systems 
utilize a flexure/voice coil design in the opticai 
focus assembly. 

T. Aihara, et al, in U.S. Patent 4,092,529, is- 
sued May 30, 1978, disclose an optical detecting 

25 head suspended by resilient leaf springs or wires 
and driven by a magnet and coil means. 

None of these techniques disclose a carriage 
assembly that can be used with a high track den- 
sity flexible magnetic disk which utilizes magnetic 

30 data tracks and optical servo tracks. 

It is therefore an object of the present invention 
to provide a carriage assembly for use with a 
flexible magnetic disk drive system having more 
than fifteen hundred data tracks per inch. 

35 It is another object of the present invention to 
provide a carriage assembly for use with a flexible 
magnetic disk drive system that utilizes an optical 
servo tracking system. 

It is another object of the present invention to 

40 provide a carriage assembly for use with a flexible 
magnetic disk drive system that utilizes a coarse 
positioning means operating in conjunction with a 
fine positioning means. 

It is another object of the present invention to 

45 provide a carriage assembly for use with a flexible 
magnetic disk drive system that is compensated 
for thermal and hygroscopic expansion. 

Briefly, the preferred embodiment of the 
present invention includes a stepper motor at- 

50 tached to a base carriage assembly. A fine position 
actuator which includes an upper and a lower mag- 
netic r ad/write head mounted on upper and lower 
head arms is suspended from the base carriage by 
a pair of flexible members or flexures. The perma- 
nent magnet of a voice coil motor is mounted on 
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th bas carriag while the voice coil bobbin is 
attached to the fine position actuator. The stepper 
motor drives the base carriage for course position- 
ing over a flexible magnetic disk while th voice 
coil motor drives the fine position actuator for fine * 
positioning over the disk. 

A light source, an optical assembly and an 
optical detector are mounted on the upper head 
arm and provide a means for reading optical servo 
tracking information from the magnetic disk. An 
electrical signal, derived from the optical detector, 
is sent to the voice coil bobbin as current flow 
which causes movement of the fine position ac- 
tuator By this procedure, actuator movement as 
small as IxKT 6 inches is controllable. Therefore, 
track densities of greater than fifteen hundred 
tracks per inch are readable. During course posi- 
tioning movement by the stepper motor, an infrared 
emitter/detector sensor controls movement of the 
fine position actuator by reflecting light off a reflec- 
tive pad mounted on the voice coil magnet. 

The effects of thermal and hygroscopic expan- 
sion in the fine position actuator are nullified by 
balancing the materials used to construct various 
components of the fine position actuator. 

An advantage of the present invention is that 
the carriage assembly is capable of use with a 
flexible disk drive system having track densities 
greater than fifteen hundred tracks per inch. 

Another advantage of the present invention is 
that the fine position actuator utilizes an optical 
servo tracking system. 

Another advantage of the present invention is 
that the base carriage is driven by a coarse posi- 
tioning system means while the fine position ac- 
tuator is drive by a fine positioning means. 

Another advantage of the present invention is 
that the carriage assembly utilizes a stepper motor 
and a voice coil motor for driving the fine position 
actuator supported on flexures. 

Another advantage of the present invention is 
that the effects of thermal and hygroscopic expan- 
sion are nullified by balancing the materials used in 
constructing the fine position actuator. 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read 
the following detailed description of the preferred 
embodiment which is illustrated in the various 
drawing figures. 

Fig. 1 is a top view of a carriage assembly 
according to the present invention; 

Rg. 2 is a side view of the carriage assem- 
bly of Fig. 1; j ^ . .. 

Fig. 3 is a side view of a standard voice coil 
motor adopted for use with the present invention; 

Rg. 4 is a block diagram of the carnage 
assembly of Rg. 1; 



Rg. 5 is a side view of the upp r and lower 
magnetic read/write heads attached to the upper 
and lower head arms; and 

Rg. 6 is a block diagram of a fine position 
5 actuator according to the present invention. 

Rg. 1 shows a top view of a carriage assembly 
designatged by the general reference numeral 10. 
A base carriage 14 is slidably attached to a pair of 
carriage guide rods 16. A stepper motor 20 is 
w mechanically attached to the base carriage 14 by a 
stepper actuator band 22. A voice coil magnet 26 
is attached to the base carriage 14 and a voice coil 
bobbin 28 is positioned to electromagneticaily in- 
teract with the magnet 26. An upper head arm 30 
15 and a connecting flexure 31 are positioned near the 
voice coil bobbin 28. A magnet housing 32 sur- 
rounds the magnet 26 and the bobbin 28. The 
combination of the magnet , 26. bobbin 28 and 
housing 32 comprise part of a voice coil assembly 
20 33. 

An optical assembly 34. a light source 36 and 
an upper magnetic read/write head 40 are posi- 
tioned on the upper arm 30. A lens is positioned at 
the end of the optical assembly 34 nearest the 
25 upper magnetic head 40 and an optical detector 44 
is positioned at the other end of the optical assem- 
bly 34. A magnetic preamplifier 46 positioned on 
the upper head arm 30. is electrically connected to 
the magnetic head 40 by a plurality of leads 47. A 
30 bundle of electrical leads 48 electrically connects 
tfie magnetic preamplifier 46 with signal processing 
equipment external to the carriage assembly 10. 
An optical preamplifier 50. positioned on the upper 
head arm 30, is electrically connected to the op- 
35 tical detector 44 by a plurality of leads 52. A 
bundle of electrical leads 54 electrically connects 
the optical preamplifier 50 with external signal pro- 
cessing circuitry. 

A magnetic disk 56 is positioned underneath 
40 the upper arm 30. The disk 56 includes a plurality 
of optical servo tracking areas 58 and plurality of 
data storage areas 60. For example, the servo 
tracking areas 58 may comprise a plurality of cir- 
cular rings inscribed in the surface of a floppy disk 
45 and the data storage areas 60 may comprise the 
non-inscribed area existing between adjacent servo 
tracks 58. A pitch distance B w w is the distance from 
the center of one servo track 58 to the center of an 
adjacent servo track 58. Typically, the distance w 
so is approximately 0,0203 mm. 

The upper head arm 30. the voice coil bobbin 
28. the optical assembly 34. the light source 36 
and the upper magnetic head 40 comprise part of 
an assembly referred to as a fine position actuator 
55 62. The base carriage 14 comprises a side mem- 
ber 64 and a side member 66 with a cavity 68 
positioned between the members 64 and 66. The 
fin position actuator 62 is position d in the cavity 
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68 and is mechanically connected to the member 
64 by a front flexure 70 and a rear flexure 72. The 
flexures 70 and 72 provide substantially friction 
free support for the fine position actuator 62 and in 
the preferred embodiment, comprise thin flexible 
pieces of stainless steel. The front flexure 70 is 
attached between the front of the fine position 
actuator 62 and the member 64 and the rear flex- 
ure 72 is attached between the rear of the fine 
position actuator and the member 64. 

Fig. 2 is a side view of carriage assembly 10 
and shows that the fine position actuator 62 also 
includes a lower magnetic read/write head 80 posi- 
tioned underneath the disk 56 and the upper head 
40. The lower magnetic head 80 is attached to a 
lower head mount 82 which is sized to slide within 
the base carriage 14. The lower head mount 82 is 
one continuous piece that has a bottom part 84 and 
a top part 86. In Fig. 2 part of the side member 66 
is cut away so as to clearly show the top part 86. A 
magnetic preamplifier 87 is electrically connected 
to the lower head 80 by a plurality of leads 88 and 
to external signal processing circuitry by a bundle 
of electrical leads 89. 

An aperture 90 extends perpendicularly 
through the upper magnetic head 40 and through 
the upper head arm 30 so as to provide an optical 
pathway from the light source 36 and lens 42 to 
the disk 56. A head load spring 92 and the flexure 
31 connect the upper head arm 30 to the lower 
head mount 82. A flexure clamp 94 is positioned 
over the connecting flexure 31 for providing sup- 
port to the arm 30 when the arm 30 is raised for 
access to the disk 56. This allows the flexure 31 to 
bend instead of twisting and evenly distributes the 
load of the flexure 31 to the lower head mount 82. 
A pair of terminals 96. for accepting a plurality of 
electrical leads 98 from the voice coil bobbin 28, 
are positioned about a positioning sensor 100. The 
sensor 100 comprises a position sensing means, 
e.g. a Hall effect sensor, a capacitive or inductive 
pick-up or an optical sensor. 

Fig. 3 show the positions of the sensor 100 and 
the bobbin 28 in more detail. The voice coil bobbin 
28 is wound around the magnet 26 with an air gap 
102 existing between the bobbin 28 and the mag- 
net 26. Part of the bobbin 28 is cut away in Fig. 3 
to show that a reflective pad 104, e.g. a piece of 
white polyethylene terephthalate (Mylar) and a 
magnetic flux field shunt 106 are positioned on an 
end of the magnet 26, adjacent to the sensor 100. 
A gap 108 exists between the sensor 100 and the 
reflective pad 104. In the preferred embodiment, 
the sensor 100 comprises a commercially available 
light reflection emitter/sensor which includes an 
infrared emitter and an NPN phototranslstor detec- 
tor. A plurality of electrical leads 110 ar connected 
to the sensor 100. 



Fig. 4 shows the movement of the fine position 
actuator 62 relative to the base carriage 14. The 
fine position actuator 62 is shown in an extended 
position indicating that the actuator 62 has ad- 
5 * vanced in the direction of the arrow relative to the 
base carriage 14. As a result of this movement, the 
front flexure 70 and the rear flexure 72 are dis- 
torted or curved. The voice coil bobbin 28, which is 
part of the fine position actuator 62, moves with the 
io actuator 62. The magnet 26 is attached to the base 
carriage 14 which travels in the direction of the 
arrow along the guide rods 16 when actuated by 
the stepper motor 20. 

Fig. 5 shows the manner in which the upper 
is magnetic head 40 and the lower magnetic head 80 
are attached to the upper head arm 30 and the 
lower head mount 82 respectively. The upper head 
40 is attached to an upper head gimbal 111 by a 
pair of upper head mount brackets 112. The lower 
20 head 80 is attached to a lower head gimbal 113 by 
a pair of lower mount brackets 114. A load member 
115 is positioned near the lower head gimbal 113 
approximately along a centerline 116 running 
through the geometric center of the lower head 80. 
25 The gimbals 111 and 113 are thin flexible metal 
members positioned flush with the upper head arm 
30 and lower head mount 82 respectively. A pair of 
cavities 117 and 118 extend along the length of the 
gimbals 111 and 113, respectively, for allowing 
30 movement of the gimbals 1 1 1 and 1 1 3. 

The upper head 40 is loaded, by the spring 92 
(shown in Rg. 2), to the disk 56, the lower head 80 
and the load member 115. The spring rate of the* 
lower gimbal 113 is much less than the spring rate 
35 of the upper gimbal 111, thereby allowing the lower 
head 80 to gimbal or rotate about the load member 
115 to comply with the upper head 40. In other 
words, movement of the upper head 40 causes 
similar movement in the lower head 80. Thus, the 
40 carriage assembly 10 utilizes a fixed or slightly 
compliant upper head 40 and a compliant lower 
head 80. 

Fig. 6 is a schematic diagram showing part of 
the fine position actuator 62 with a plurality of 

45 important distances marked for reference. The dis- 
tance Xi is the distance from an end 126 of the 
upper head arm 30 where the connecting flexure 
31 attaches, to a face 127 of the lower head mount 
82 where the flexture 31 attaches. Thus, Xi is also 

so the length of the flexure 31 extending between the 
upper head arm 30 and the lower head mount 82. 

The upper head 40 comprises an upper head 
slider 128 and an upper head read/write element 
130. Similarly, the lower head 80 comprises a 

55 lower head slider 132 and a lower head read/write 
element 124. The distance X2 is the distance from 
the end 126 of the upper arm 30 to a read/write 
centerline 136 which runs through the approximate 
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center of the upper head element 130. The dis- 
tance X* is the distance from the face 127 to a 
read/write centerlin 138 which runs through the 
approximate center of the lower head elem nt 134. 
The distance X 3 is the distance between the 
read/write centerline 136 and the read/write center- 
line 138. 

Referring to Fig. 1, the functioning of the car- 
riage asssembly 10 can be explained. Magnetic 
data stored on the data storage areas 60 is read 
and/or written by the upper and lower magnetic 
heads 40 and 80. The magnetic preamplifiers 46 
and 87 amplify the signals dectected by the mag- 
netic heads 40 and 80 and direct the amplified 
signal to external electrical processing circuitry via 
the electrical leads 48 and 89. 

The stepper motor 20 functions to provide 
course positioning of the carriage assembly 10 
over the disk 56. The stepper motor 20 moves the 
base carriage 14 along the guide rods 16 in dis- 
crete increments or steps of approximately .1875 
millimeters per step. The voice coil assembly 33 
provides the fine positioning function by driving the 
fine position actuator in a 1,016 mm (0.040 inches) 
nominal stroke (i. e. 0.508 mm (0.020 inches)) in 
either the forward or backward direction). 

Precise positioning of the upper magnetic head 
40 over one of the data storage areas 60 is accom- 
plished by an optical servo tracking procedure. 
Ught from the light source 36 (e.g. an infrared light 
emitting diode) passes through the aperture 90, is 
reflected off the disk 56 and is directed onto the 
lens 42 after passing back through the aperture 90. 
Less light is reflected by the servo tracking areas 
58 than by the data storage areas 60 creating a 
light pattern of alternating light and dark areas. The 
light reflected onto the lens 42 is routed through 
the optical assembly 34 to the detector 44 where 
the light pattern is detected. Processing of the light 
pattern, through the optical preamplifier 50 and 
external electronic circuitry, yields a control signal 
which is routed to the voice coil bobbin 28 as 
current flow. A method for processing the light 
pattern is disclosed in U.S. Patent Application 
Serial No. 07/178.542. Current flowing in the bob- 
bin 28, in the presence of a magnetic field gen- 
erated by the magnet 26, produces an electromo- 
tive force which moves the fine position actuator 
62. The bobbin 28 is free to move relative to the 
magnet 26 because of the air gap 102. 

When the stepper motor 20 is driving the base 
carriage 14, positioning control of the fine position 
actuator 62 via the optical assembly 34 is not 
possible. In this situation, the positioning sensor 
100 is utilized to control movement of the actuator 
62. The sensor 100 is attached to the fine position 
actuator 62 while the r flective pad 104 is attached 
to the shunt 106 which is attached to the magnet 



26 and moves with th base carriage 14. Referring 
to Fig. 3, when the actuator 62 moves relative to 
th pad 104, the gap 108 chang s. Light emitted 
from the sensor 100 is reflected off the pad 104 
s and is collected by the sensor 100 and is con- 
verted to a gain signal. The amplified gain signal is 
routed to the bobbin 28 which controls movement 
of the actuator 62 as described previously. The pad 
104 is chosen so that a linear reflectance signal is 
10 obtained over a range of distances for the gap 108 
of approximately .075 inches. 

Referring to Rg. 4, it can be seen that the fine 
position actuator 62 can move both with the base 
carriage 14 and independent of the base carriage 
is 14 because of the flexures 70 and 72. The con- 
necting flexure 31, shown in Rg. 2. allows the 
upper head arm 30 to be raised so that the disk 56 
can be inserted between the upper head 40 and 
the lower head 80. 
20 The lower head 80, shown in Rg. 2, is depen- 
dent on the upper head 40 for servo tracking 
information. Positioning of the lower head 80 over 
data storage areas on the disk 56 is possible 
because the separation between the upper 
25 read/write element 130 and the lower read/write 
element 134 (the distance X 3 shown in Rg. 6) is 
known. The elements 130 and 134 are the compo- 
nents of the heads 40 and 80 respectively that 
actually read and/or write magnetic data. Because 
30 the head 80 is attached to the lower head mount 
82, which is part of the fine position actuator, the 
head 80 can be positioned relative to the disk 56 
by utilizing servo tracking information from the op- 
tical assembly 34. 
35 Because the separation distance w (shown in 
Rg. 1) on the disk 56 is very small, extra measures 
must be taken in constructing the carriage assem- 
bly 10 to ensure that accurate positioning of the 
magnetic heads 40 and 80 over the disk 56 will be 
40 possible. Specifically, the effects of thermal and 
hygroscopic expansion of the materials in certain 
elements of the fine position actuator 62 and the 
disk 56 must be accounted for. Consideration of 
the distances Xi, X2, Xa and X* shown in Rg. 6 
45 yields a method for nullifying the effects of thermal 
and hygroscopic expansion. Each of the members 
which are spanned by one of the distances Xi, X2, 
X3 or X* are constructed from materials such that 
equation 1 below is satisfied, 
so Xi(ai+bi) + X2(a2 + b2) + X 3 (a 3 + b 3 ) + X3- 
(as + bs) = X4(a4 + bO (1) 
where 

a = coefficient of thermal expansion; and 
b a coefficient of hygroscopic expansion. 
55 The subscripts after an individual parameter a 
or b in equation 1 indicate that the coefficient for 
the material that comprises the member spanned 
by the distance X bearing the same subscript is 
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indicated. For xample, th term Xi(ai +bi) means 
that the length of the flexture 31 is multiplied by 
the sum of the coefficients of thermal and hyg- 
roscopic expansion for the material from which the 
flexture 31 is comprised. Additionally, the (a3 + b 3 ) 
term refers to the length of the disk 56 spanned by 
the distance X3 and the (a 5 + bs) term refers to the 
lengths of the upper head slider 128 and the lower 
head slider 132 spanned by the distance X3. It 
should be noted that upper head gimbai 111 and 
the lower head gimbai 113 (shown in Fig. 5) are 
comprised of material chosen so that the effects of 
thermal and hygroscopic expansion due to the gim- 
bals 111 and 113 are eliminated from equation 1. 
In the most general case, a term for expansion of 
the gimbals 111 and 113 should be added to 
equation 1. 

In the preferred embodiment the fiexture 31 
comprises chromium-nickel austenitic steel (AISI 
Type 301/302). The upper head arm 30 (the Xa 
term) and the lower head mount 82 (the X* term) 
comprise thirty percent carbon fiber filled polycar- 
bonate. The disk 56 (the Xa term) comprises poly- 
ethylene terephthalate (Mylar). The gimbals 111 
and 113 are comprised of chromium-nickel 
austenitic steel (AISI Type 301/302). 

Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ment, it is to be understood that such disclosure is 
not to be interpreted as limiting. Various alterations 
and modifications will no doubt become apparant 
to those skilled in the art after having read the 
above disclosure. Accordingly, it is Intended that 
the appended claims be interpreted as covering all 
alterations and modifications as fall within the true 
spirit and scope of the invention. 



Claims 

1. A carriage assembly for use with a flexible 
magnetic disk drive system comprising: 

a first support means for supporting a magnet; 
a course positioning means mechanically connect- 
ed to the first support means for moving the first 
support means in a linear direction; 
a second support means, attached to the first sup- 
port means, for supporting a magnetic read/write 
head; 

an optical means positioned over the second sup- 
port means for deriving servo tracking information 
from a flexible magnetic disk; and 
a coil member positioned to electromagnetically 
interact with said magnet and to cause movement 
of said second support member in response to an 
electrical signal derived from the optical means. 

2. The carriage assembly of claim 1 wherein, 
the course positioning means comprises a stepper 



motor. 

3. The carnage assembly of claim 1 wherein, 
the second support means is attached to the first 
support means by at least one flat flexible attach- 

s * ment member. 

4. The carriage assembly of claim 3 wherein, 
said flexible attachment member comprises a thin 
piece of metal. 

5. The carriage assembly of claim 1 wherein, 

10 said magnetic read/write head includes an aperture 
extending perpendicularly through said magnetic 
head for allowing light to pass between said mag- 
netic disk and the optical means. 

6. The carriage assembly of claim 5 wherein, 
75 the optical means is positioned on the second 

support means. 

7. The carriage assembly of claim 1 wherein, 
the coil member is attached to the second support 
means. 

20 8. The carriage assembly of claim 1 further 
comprising, 

a position sensing means for determining a dis- 
tance separating the second support means from 
the first support means. 
25 9. The carriage assembly of claim 8 wherein 
the position sensing means comprises: 
a light reflection sensing and emitting semiconduc- 
tor device attached to the second support means; 
and 

30 a reflective pad attached to said magnet. 

10. The carriage assembly of claim 1 wherein, 
the second support means comprises an upper 
arm for supporting an upper magnetic read/write 
head and a lower arm for supporting a lower mag- 

35 netic read/write head. 

11. The carriage assembly of claim 10 wherein, 
the second support means comprises materials 
that offset the effects of hygroscopic and thermal 
expansion. 

40 12. The carriage assembly of claim 10 further 
comprising: 

an upper head gimbai for providing a flexible at- 
tachment site for attaching said upper magnetic 
read/write head to said upper arm; and 
45 a lower head gimbai for providing a flexible attach- 
ment site for attaching said lower magnetic 
read/write head to said lower arm. 

13. The carriage assembly of claim 12 wherein, 
said upper head gimbai and said lower head gim- 

50 bal comprise thin flexible pieces of metal. 

14. The carriage assembly of claim 13 wherein, 
said lower gimbai has a lower spring rate than the 
spring rate of said upper gimbai. 

15. The carriage assembly of claim 10 further 
55 comprising: 

a hinge means connecting said upper arm to said 
lower arm for allowing movement of said upper arm 
relative to said lower arm whereby said magnetic 
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disk can be inserted between said upper and lower 
arms. 

16. The carriage assembly of claim 15 wherein, 
the hinge means comprises a flat flexible piece of 
metal. * 5 

17. The carriage assembly of claim 12 wherein, 
said upper and lower arms, said upper and lower 
head gimbals, said upper and lower magnetic 
read/write heads and the hinge means are com- 
prised of materials that offset the effects of hyg- to 
roscopic and thermal expansion. 

18. The carriage assembly of claim 17 wherein, 
said upper and lower arms comprise carbon filled 
polycarbonate material. 

19. The carriage assembly of claim 17 wherein, 75 
said hinge means comprises chromium-nickel 
austentitic steel. 

20. The carriage assembly of claim 17 wherein, 
said upper and lower head gimbals comprise 
chromium-nickel austentic steel. 20 

21. A carriage assembly for use with a flexible 
magnetic disk drive system comprising: 

a base carriage for supporting a permanent mag- 
net 

a stepper motor mechanically connected to the 25 
base carriage for causing linear movement of the 
base carriage; 

a fine position actuator attached to the base car- 
riage by at least one flexible member; 
a magnetic read/write head attached to the fine 30 
position actuator; 

an optical means positioned on the fine position 
actuator for deriving servo tracking information 
from a flexible magnetic disk; and 
a voice coil bobbin attached to the fine position 35 
actuator and positioned to electromagneticaily in- 
teract with said permanent magnet and cause 
movement of the fine position actuator in response 
to an electrical signal generated by the optical 
means. 40 

22. The carriage assembly of claim 21 wherein, 
the fine position actuator comprises an upper head 
arm for supporting an upper magnetic read/write 
head, a lower head arm for supporting a lower 
magnetic head and a hinge means for connecting 45 
said upper head arm to said lower head arm. 

23. The carriage assembly of claim 22 wherein, 
said upper head arm, said lower head arm and said 
hinge means are comprised of materials that offset 

the effects of hygroscopic and thermal expansion. so 
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Description 

Th present invention relat s generally to a car- 
riag assembly for us with fl xible magn tic disk 
drive systems and more particularly to a carriage as- 5 
sembly that utilizes a stepper motor and a voice coil 
motor to permit optical servo tracking in a high track 
density flexible magnetic disk drive system. 

The track density of magnetic storage disks for 
conventional floppy disk drives is approximately for- 10 
ty-eight to one hundred thirty-five tracks per inch 
(TP I). In contrast, optical disk drives are capable of 
achieving track densities in excess of 15,000 TPI. 
These higher track densities are achieved through 
the use of closed loop optical servos that allow an opt- 15 
ical read/write head to follow data track eccentricities 
caused by defects in the medium and by disturbances 
from outside forces. In rigid type magnetic disk 
drives, track densities of up to 1 500 TPI are presently 
used. These drives commonly have multiple disks in 20 
which both sides are used for data. To achieve the 
high track density a dedicated surface of one of the 
disks is used for magnetic track servo information. 

Various techniques have been reported for using 
optical means for acquiring track following servo in- 25 
formation contained on a magnetic recording me- 
dium. For example, Ann, et al., in U.S. Patent 
4,633,451 , issued on December 30, 1986, for "Optical 
Servo For Magnetic Disks", discloses the use of a las- 
er diode to read track following servo information in 30 
the form of a plurality of spots contained in an optical 
layer positioned above a magnetic recording layer. 

M. Johnson, in U.S. Patent 4,558,383, issued on 
December 10, 1985, for "Information Storage Disk 
Transducer Position Control System Using a Prere- 35 
corded Servo Pattern Requiring No Alignment With 
The Storage Disk", discloses a servo apparatus hav- 
ing a sensor for detecting a pattern of spots on a sur- 
face of an information storage medium. The spots 
comprise a dense array of substantially translation in- aq 
variant marks and separate information recording 
tracks are detected by measuring the rate at which 
the spots are detected. 

J. Cocke, et al., in U.S. Patent 4,587,579, issued 
on May 6, 1 986, for "System for Position Detection On 45 
A Rotating Disk", disclose a servo control system 
comprising a detector for reading a plurality of spiral 
radial-position-encoding patterns on a medium. 

N. Koshino and S. Ogawa, in "Optical Method Of 
The Head Positioning In Magnetic Disk Systems", so 
preprint from IEEE Transactions on Magnetics 
(1980), discloses an optical head for achieving track 
following servo control which is mounted on the head 
ami and which includes an LED light source and thr 

ptical fibers ford I'rv ring light to a medium. Th me- 55 
dium comprises a plurality f circular ptical tracks, 
dyed black, and locat d underneath a magnetic film. 

In U.S. Patent Application Serial N . 07/178,542, 



filed April 7, 1988, an optical servo tracking head is 
disclosed for reading optical servo tracking informa- 
tion contain d on magnetic m dia comprising no n re- 
flecting servo areas situat d around reflectiv land 
areas. 

Related work has occurred in the laser video disk 
area, from which optical disks for digital data storage 
and the audio laser disk (CD) have evolved. Funda- 
mentally, the optical servo information is inscribed 
and used in the same way for all these disks. A laser 
and associated optics positioned on a carriage as- 
sembly are used to acquire the optical servo informa- 
tion as well as to read data from the disk. Typically, 
CD disk drive systems utilize a flexure/voice coil de- 
sign in the optical focus assembly. 

T. Aihara, et al, in U.S. Patent 4,092,529, issued 
May 30, 1 978, disclose an optical detecting head sus- 
pended by resilient leaf springs or wires and driven by 
a magnet and coil means. 

JP-A58122677 discloses a positioning device for 
a magnetic head including a step motor for driving a 
carriage. A secondary carriage is shown connected to 
the base carriage through flexible members and cou- 
pled with the base carriage through a coil magnet ar- 
rangement, which is made rigid when the base car- 
riage is advanced. 

A carriage assembly is also known from GB-A 2 
051 457. No secondary carriage nor any optical sens- 
ing means for deriving servo tracking information is 
disclosed in this document. 

None of these techniques disclose a carriage as- 
sembly that can be used with a high track density flex- 
ible magnetic disk which utilizes magnetic data tracks 
and optical servo tracks. 

It is therefore an object of the present invention 
to provide a carriage assembly for use with a flexible 
magnetic disk drive system having more than fifteen 
hundred data tracks per inch. 

It is another object of the present invention to pro- 
vide a carriage assembly for use with a flexible mag- 
netic disk drive system that utilizes an optical servo 
tracking system. 

It is another object of the present invention to pro- 
vide a carriage assembly for use with a flexible mag- 
netic disk drive system that utilizes a coarse position- 
ing means operating in conjunction with a fine posi- 
tioning means. 

It is another object of the present invention to pro- 
vide a carriage assembly for use with a flexible mag- 
netic disk drive system that is compensated for ther- 
mal and hygroscopic expansion. 

The problem to be solved by the invention is to 
create a carriage assembly for shifting magnetic 
heads, so that fl xible magnetic disks can be used 
with a high track density. 

This problem is solved by th features described 
in the charact rizing part of claim 1. 

Briefly, the preferred embodiment of th present 
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invention includes a stepper motor attached to a bas 
carriag ass mbly. A fin position actuator which in- 
cludes an upp r and a lower magnetic read/writ 
head mount d on upper and lower head arms is sus- 
pended from the base carriage by a pair of flexible 
members or flexures. The permanent magnet of a 
voice coil motor is mounted on the base carriage 
while the voice coil bobbin is attached to the fine pos- 
ition actuator. The stepper motor drives the base car- 
riage for coarse positioning over a flexible magnetic 
disk while the voice coil motor drives the fine position 
actuator for fine positioning over the disk. 

Alight source, an optical assembly and an optical 
detector are mounted on the upper head arm and pro- 
vide a means for reading optical servo tracking infor- 
mation from the magnetic disk. An electrical signal, 
derived from the optical detector, is sent to the voice 
coil bobbin as current flow which causes movement 
of thefine position actuator. By this procedure, actua- 
tor movement as small as 1x1 Or 6 inches is controlla- 
ble. Therefore, track densities of greater than fifteen 
hundred tracks per inch are readable. During coarse 
positioning movement by the stepper motor, an in- 
frared emitter/detector sensor controls movement of 
the fine position actuator by reflecting light off a re- 
flective pad mounted on the voice coil magnet. 

The effects of thermal and hygroscopic expan- 
sion in the fine position actuator are nullified by bal- 
ancing the materials used to construct various com- 
ponents of the fine position actuator. 

An advantage of the present invention is that the 
carriage assembly is capable of use with a flexible 
disk drive system having track densities greater than 
fifteen hundred tracks per inch. 

Another advantage of the present invention is 
that the fine position actuator utilizes an optical servo 
tracking system. 

Another advantage of the present invention is 
that the base carriage is driven by a coarse position- 
ing system means while the fine position actuator is 
drive by a fine positioning means. 

Another advantage of the present invention is 
that the carriage assembly utilizes a stepper motor 
and a voice coil motor for driving the fine position ac- 
tuator supported on flexures. 

Another advantage of the present invention is 
that the effects of thermal and hygroscopic expansion 
are nullified by balancing the materials used in con- 
structing the fine position actuator. 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read the 
following detailed description of the preferred em- 
bodiment which is illustrated in the various drawing 
figures. 

Fig. 1 is a top view of a carriag assembly accord- 
ing t th present inv ntion; 
Fig. 2 is a side vi w of the carriag ass mbly of 



Fig. 1; 

Fig. 3 is a side view of a standard voice coil motor 
adopted for use with th present inv ntion; 
Fig. 4 is a block diagram of th carriag ass mbly 
5 of Fig. 1; 

Fig. 5 is a side view of the upper and lower mag- 
netic read/write heads attached to the upper and 
lower head arms; and 

Fig. 6 is a block diagram of a fine position actua- 

10 tor according to the present invention. 

Fig. 1 shows a top view of a carriage assembly 
designatged by the general reference numeral 10. A 
base carriage 14 is slidably attached to a pair of car- 
riage guide rods 16. A stepper motor 20 is mechani- 
cs cally attached to the base carriage 14 by a stepper ac- 
tuator band 22. A voice coil magnet 26 is attached to 
the base carriage 14 and a voice coil bobbin 28 is 
positioned to electromagnetically interact with the 
magnet 26. An upper head arm 30 and a connecting 

20 flexure 31 are positioned near the voice coil bobbin 
28. A magnet housing 32 surrounds the magnet 26 
and the bobbin 28. The combination of the magnet 26, 
bobbin 28 and housing 32 comprise part of a voice 
coil assembly 33. 

25 An optical assembly 34, a light source 36 and an 
upper magnetic read/write head 40 are positioned on 
the upper arm 30. A lens is positioned at the end of 
the optical assembly 34 nearest the upper magnetic 
head 40 and an optical detector 44 is positioned at the 

30 other end of the optical assembly 34. A magnetic pre- 
amplifier 46 positioned on the upper head arm 30, is 
electrically connected to the magnetic head 40 by a 
plurality of leads 47. A bundle of electrical leads 48 
electrically connects the magnetic preamplifier 46 

35 with signal processing equipment external to the car- 
riage assembly 10. An optical preamplifier 50, posi- 
tioned on the upper head arm 30, is electrically con- 
nected to the optical detector 44 by a plurality of leads 
52. A bundle of electrical leads 54 electrically con- 

40 nects the optical preamplifier 50 with external signal 
processing circuitry. 

A magnetic disk 56 is positioned underneath the 
upper arm 30. The disk 56 includes a plurality of opt- 
ical servo tracking areas 58 and plurality of data stor- 

45 age areas 60. For example, the servo tracking areas 
58 may comprise a plurality of circular rings inscribed 
in the surface of a floppy disk and the data storage 
areas 60 may comprise the non-inscribed area exist- 
ing between adjacent servo tracks 58. A pitch dis- 

50 tance V is the distance from the center of one servo 
track 58 to the center of an adjacent servo track 58. 
Typically, the distance w is approximately 0,0203 mm. 

The upper head arm 30, the voice coil bobbin 28, 
the optical assembly 34, the light source 36 and the 

55 upper magnetic head 40 comprise part of an assem- 
bly ref rredtoasafin position actuator 62. The base 
carriage 14 comprises a side member 64 and a sid 
memb r 66 with a cavity 68 positioned b tw en the 
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members 64 and 66. Th fine position actuator 62 is 
positioned in the cavity 68 and is mechanically con- 
nected to th memb r 64 by a front f I xure 70 and a 
rear fl xur 72. Th f I xures 70 and 72 provid sub- 
stantially friction free support for the fine position ac- s 
tuator 62 and in the preferred embodiment, comprise 
thin flexible pieces of stainless steel. The front flexure 
70 is attached between the front of the fine position 
actuator 62 and the member 64 and the rear flexure 
72 is attached between the rear of the fine position 10 
actuator and the member 64. 

Fig. 2 is a side view of carriage assembly 1 0 and 
shows that the fine position actuator 62 also includes 
a lower magnetic read/write head 80 positioned un- 
derneath the disk 56 and the upper head 40. The low- 1 s 
er magnetic head 80 is attached to a lower head 
mount 82 which is sized to slide within the base car- 
riage 14. The lower head mount 82 is one continuous 
piece that has a bottom part 84 and a top part 86. In 
Fig. 2 part of the side member 66 is cut away so as 20 
to clearly show the top part 86. A magnetic preampli- 
fier 87 is electrically connected to the lower head 60 
by a plurality of leads 88 and to external signal proc- 
essing circuitry by a bundle of electrical leads 89. 

An aperture 90 extends perpendicularly through 25 
the upper magnetic head 40 and through the upper 
head arm 30 so as to provide an optical pathway from 
the light source 36 and lens 42 to the disk 56. A head 
load spring 92 and the flexure 31 connect the upper 
head arm 30 to the lower head mount 82. A flexure 30 
clamp 94 is positioned over the connecting flexure 31 
for providing support to the arm 30 when the arm 30 
is raised for access to the disk 56. This allows the flex- 
ure 31 to bend instead of twisting and evenly distrib- 
utes the load of the flexure 31 to the lower head mount 35 
82. A pair of terminals 96, for accepting a plurality of 
electrical leads 98 from the voice coil bobbin 28, are 
positioned about a positioning sensor 100. The sen- 
sor 100 comprises a position sensing means, e.g. a 
Hall effect sensor, a capacitive or inductive pick-up or ao 
an optical sensor. 

Fig. 3 show the positions of the sensor 100 and 
the bobbin 28 in more detail. The voice coil bobbin 28 
is wound around the magnet 26 with an air gap 102 
existing between the bobbin 28 and the magnet 26. as 
Part of the bobbin 28 is cut away in Fig. 3 to show that 
a reflective pad 104, e.g. a piece of white polyethy- 
lene terephthalate (Mylar)® and a magnetic flux field 
shunt 1 06 are positioned on an end of the magnet 26, 
adjacent to the sensor 1 00. A gap 1 08 exists between so 
the sensor 100 and the reflective pad 104. In the pre- 
ferred embodiment, the sensor 1 00 comprises a com- 
mercially available light reflection emitter/sensor 
which includes an infrared emitter and an NPN pho- 
totransistor detector. A plurality of electrical leads 110 55 
are connected t the sensor 1 00. 

Fig. 4 sh ws the m v ment of th fin position 
actuator 62 relativ tothebas carriag 14. The fin 



position actuator 62 is shown in an ext nded position 
indicating that the actuator 62 has advanc d in the di- 
r ction of the arrow r lativ to the base carriage 14. 
As a result of this movement, th front f I xur 70 and 
the rear flexure 72 are distorted or curved. The voice 
coil bobbin 28, which is part of the fine position actua- 
tor 62, moves with the actuator 62. The magnet 26 is 
attached to the base carriage 14 which travels in the 
direction of the arrow along the guide rods 16 when 
actuated by the stepper motor 20. 

Fig. 5 shows the manner in which the upper mag- 
netic head 40 and the lower magnetic head 80 are at- 
tached to the upper head arm 30 and the lower head 
mount 82 respectively. The upper head 40 is attached 
to an upper head gimbal 111 by a pair of upper head 
mount brackets 112. The lower head 80 is attached 
to a lower head gimbal 113 by a pair of lower mount 
brackets 114. A load member 115 is positioned near 
the lower head gimbal 113 approximately along a cen- 
terline 116 running through the geometric center of 
the lower head 80. The gimbals 111 and 113 are thin 
flexible metal members positioned flush with the up- 
per head arm 30 and lower head mount 82 respective- 
ly. A pair of cavities 117 and 118 extend along the 
length of the gimbals 111 and 113, respectively, for al- 
lowing movement of the gimbals 111 and 113. 

The upper head 40 is loaded, by the spring 92 
(shown in Fig. 2), to the disk 56, the tower head 80 and 
the load member 115. The spring rate of the lower 
gimbal 113 is much less than the spring rate of the up- 
per gimbal 111, thereby allowing the lower head 80 to 
gimbal or rotate about the load member 1 1 5 to comply 
with the upper head 40. In other words, movement of 
the upper head 40 causes similar movement in the 
lower head 80. Thus, the carriage assembly 10 utiliz- 
es a fixed or slightly compliant upper head 40 and a 
compliant lower head 80. 

Fig. 6 is a schematic diagram showing part of the 
fine position actuator 62 with a plurality of important 
distances marked for reference. The distance is 
the distance from an end 126 of the upper head arm 
30 where the connecting flexure 31 attaches, to a 
face 127 of the lower head mount 82 where the f tex- 
ture 31 attaches. Thus, X n is also the length of the 
flexure 31 extending between the upper head arm 30 
and the tower head mount 82. 

The upper head 40 comprises an upper head slid- 
er 128 and an upper head read/write element 130. 
Similarly, the lower head 80 comprises-a lower head 
slider 132 and a lower head read/write element 134. 
The distance X 2 is the distance from the end 126 of 
the upper arm 30 to a read/write centerline 136 which 
runs through the approximate center of the upper 
head element 130. Th distance X4 is the distance 
fromth face127t a read/write centerline 138 which 
runs through th approximate cent r of th I wer 
head I ment134.Th distance X3 is th distance be- 
tw en th read/write cent rlin 136 and th 
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r ad/writ centerline 138. 

Referring t Fig. 1 , the functioning of the carriage 
asss mblylOcanb explain d. Magn tic data stor d 
on the data storage areas 60 is r ad and/or written by 
the upper and lower magnetic heads 40 and 80. The 5 
magnetic preamplifiers 46 and 87 amplify the signals 
dectected by the magnetic heads 40 and 80 and d irect 
the amplified signal to external electrical processing 
circuitry via the electrical leads 48 and 89. 

The stepper motor 20 functions to provide coarse 1 o 
positioning of the carriage assembly 10 over the disk 
56. The stepper motor 20 moves the base carriage 14 
along the guide rods 16 in discrete increments or 
steps of approximately .1875 millimeters per step. 
The voice coil assembly 33 provides the fine position- 15 
ing function by driving the fine position actuator in a 
1,016 mm (0.040 inches) nominal stroke (L e. 0,508 
mm (0.020 inches)) in either the forward or backward 
direction). 

Precise positioning of the upper magnetic head 20 
40 over one of the data storage areas 60 is accom- 
plished by an optical servo tracking procedure. Light 
from the light source 36 (e.g. an infrared light emitting 
diode) passes through the aperture 90, is reflected 
off the disk 56 and is directed onto the lens 42 after 25 
passing back through the aperture 90. Less light is re- 
flected by the servo tracking areas 58 than by the 
data storage areas 60 creating a light pattern of alter- 
nating light and dark areas. The light reflected onto 
the lens 42 is routed through the optical assembly 34 30 
to the detector 44 where the light pattern is detected. 
Processing of the light pattern, through the optical 
preamplifier 50 and external electronic circuitry, 
yields a control signal which is routed to the voice coil 
bobbin 28 as current flow. A method for processing 35 
the light pattern is disclosed in U.S. Patent Applica- 
tion Serial No. 07/178,542. Current flowing in the bob- 
bin 28, in the presence of a magnetic field generated 
by the magnet 26, produces an electromotive force 
which moves the fine position actuator 62. The bob- 40 
bin 28 is free to move relative to the magnet 26 be- 
cause of the air gap 102. 

When the stepper motor 20 is driving the base 
carriage 14, positioning control of the fine position ac- 
tuator 62 via the optical assembly 34 is not possible. 45 
In this situation, the positioning sensor 100 is utilized 
to control movement of the actuator 62. The sensor 
100 is attached to the fine position actuator 62 while 
the reflective pad 104 is attached to the shunt 106 
which is attached to the magnet 26 and moves with so 
the base carriage 14. Referring to Fig. 3, when the ac- 
tuator 62 moves relative to the pad 104, the gap 108 
changes. Light emitted from the sensor 100 is reflect- 
ed off the pad 104 and is collected by the sensor 100 
and is converted to a gain signal. Th amplified gain 55 
signal is routed to the b bbin 28 which controls move- 
m nt f the actuat r 62 as described previously. Th 
pad 104 is chos n so that a linear reflectance signal 



is obtained over a rang of distances for the gap 108 
of approximat ly .075 inches (1.905 mm). 

R f rring to Fig. 4, it can be s n that th fine 
position actuator 62 can move both with the bas car- 
riage 14 and independent of the base carriage 14 be- 
cause of the flexures 70 and 72. The connecting flex- 
ure 31 , shown in Fig. 2, allows the upper head arm 30 
to be raised so that the disk 56 can be inserted be- 
tween the upper head 40 and the lower head 80. 

The lower head 80, shown in Fig. 2, is dependent 
on the upper head 40 for servo tracking information. 
Positioning of the lower head 80 over data storage 
areas on the disk 56 is possible because the separa- 
tion between the upper read/write element 130 and 
the lower read/write element 134 (the distance X3 
shown in Fig. 6) is known. The elements 130 and 134 
are the components of the heads 40 and 80 respec- 
tively that actually read and/or write magnetic data. 
Because the head 80 is attached to the lower head 
mount 82, which is part of the fine position actuator, 
the head 80 can be positioned relative to the disk 56 
by utilizing servo tracking information from the opti- 
cal assembly 34. 

Because the separation distance w (shown in Fig. 
1) on the disk 56 is very small, extra measures must 
be taken in constructing the carriage assembly 10 to 
ensure that accurate positioning of the magnetic 
heads 40 and 80 over the disk 56 will be possible. 
Specifically, the effects of thermal and hygroscopic 
expansion of the materials in certain elements of the 
fine position actuator 62 and the disk 56 must be ac- 
counted for. Consideration of the distances X 1t X 2 , X3 
and X4 shown in Fig. 6 yields a method for nullifying 
the effects of thermal and hygroscopic expansion. 
Each of the members which are spanned by one of 
the distances X 2 , X3 or X* are constructed from 
materials such that equation 1 below is satisfied. 
Xi(ai + b,) + X 2 (a 2 + b£ + X3(a 3 + b 3 ) + 
X 3 (a6 + b 5 ) = X4(a4+b 4 ) (1) 

where 

a = coefficient of thermal expansion; and 
b = coefficient of hygroscopic expansion. 

The subscripts after an individual parameter a or 
b in equation 1 indicate that the coefficient for the ma- 
terial that comprises the member spanned by the dis- 
tance X bearing the same subscript is indicated. For 
example, the term X^+bO means that the length of 
the f texture 31 is multiplied by the sum of the coeffi- 
cients of thermal and hygroscopic expansion for the 
material from which the f lexture 31 is comprised. Ad- 
ditionally, the (a 3 +b 3 ) term refers to the length of the 
disk 56 spanned by the distance X 3 and the (a 5 +b 5 ) 
term refers to the lengths of the upper head slider 128 
and th lower head slider 132 spann d by the dis- 
tance X3. It should be not d that upper head gimbal 
111 and th lower head gimbal 113 (sh wn in Fig. 5) 
are comprised f material chos ns thatth ff cts 
ofth rmal and hygroscopic expansi ndu tothegim- 
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bals 111 and 113 are eliminated from quation 1. In 
the most general cas , a t rm for xpansion of the 
gimbals 111 and 113 should be add d to equation 1. 

In th pr f rred mbodiment, th fl xtur 31 
comprises chromium-nickel austenitic steel (AISI 
Type 301/302). The upper head arm 30 (the X 2 term) 
and the lower head mount 82 (the X* term) comprise 
thirty percent carbon fiber filled polycarbonate. The 
disk 56 (the X3 term) comprises polyethylene tereph- 
thalate (Mylar)®. The gimbals 111 and 113 are com- 
prised of chromium-nickel austenitic steel (AISI Type 
301/302). 



Claims 

1. A carriage assembly for use with a drive system 
of a flexible magnetic disk (56), comprising: 

an upper arm (30) for supporting an upper mag- 
netic read/write head (40) and a lower arm (82) 
for supporting a lower magnetic read/write head 
(80); 

an upper gimbal (111) for providing a flexible at- 
tachment site for attaching said upper magnetic 
read/write head (40) to said upper arm (30), a low- 
er gimbal (1 1 3) for providing a flexible attachment 
site for attaching said lower magnetic read/write 
head (80) to said lower arm (82), said upper gim- 
bal (111) and said lower gimbal (113) comprise 
thin flexible pieces of metal, 
a base carriage (14), 

a coarse positioning means (20, 22) mechanically 
connected to said base carriage (14) for moving 
the same in a linear direction; 
a secondary carriage (62) supported by said 
base carriage (14) through flexible member 
means (70, 72) and supporting said gimbals (111 , 
113), wherein said lower gimbal (113) has a dif- 
ferent spring rate than the spring rate of said up- 
per gimbal (111), 

a fine positioning means (33) for said secondary 
carriage (62) including magnet (26) and coil (28) 
members electromagnetically interacting to 
move the magnet and coil members (26, 28) rel- 
ative to one another, 

characterized in that an optical sensing means 
(34) is positioned over said secondary carriage 
(62) for deriving servo tracking information from 
the flexible magnetic disk (56); and in that said 
fine posrtiong means (33) causes movement of 
said secondary carriage (62) in response to an 
electrical signal derived from said optical sensing 
means (34), so that said arms (30, 82) and heads 
(40, 80) are fine positioned to said flexible mag- 
netic disk (56). 

2. Th carriage ass mbly according to claim 1 fur- 
ther comprising 



a positions nsing means(100, 104)for determin- 
ing the giv ndistanc (108) s parating the sec- 
ondary carriage (62) from the bas carriage (14). 

5 3. The carriage assembly of claim 2 wherein said 
position sensing means (100, 104) comprises 
a light reflection sensing and emitting semicon- 
ductor device (100) attached to said secondary 
carriage (62); and reflective pad (104) attached 

10 to said base carraige (14). 

4. The carriage assembly of any of claims 1 to 3 
wherein 

said coarse positioning means (20, 22) compris- 
es es a stepper motor (20). 

5. The carriage assembly of any of claims 1 to 4 
wherein 

said fine positioning means (33) comprises a per- 
20 manent magnet (26) fixed to said base carriage 
(14) and a voice coil bobbin (28) fixed to said sec- 
ondary carriage (62). 

6. The carriage assembly of any of claims 1 to 5 
25 wherein 

said secondary carriage (62) is attached to said 
base carriage (14) by said flexible member 
means (70, 72) which include at least one flat 
flexible thin piece of metal. 

30 

7. The carriage assembly according to any of claims 
1 to 6 wherein 

said magnetic read/write head (40, 80) includes 
an aperture (90) extending perpendicularly 
35 through said magnetic head (40, 80) for allowing 
light to pass between said magnetic disk (56) and 
said optica] sensing means (34). 

8. The carriage assembly of claim 7 wherein 

40 said optical sensing means (34) is positioned on 
said secondary carriage (62). 

9. The carriage assembly according to any of claims 
1 to 8 wherein 

45 said secondary carriage (62) is composed of 
such materials that compensate for the effects of 
hygroscopic and thermal expansion. 

1 0. The carriage assembly according to any of claims 
50 1 to 9 where 

said upper arm (30) is connected to said lower 
arm (82) by hinge means (31) for allowing move- 
ment of said upper arm (30) relative to said lower 
arm (82), so that said magnetic disk (56) can b 
55 inserted betw ensaidupp rand I werarms(30, 

82). 

11. Thecarriag assembly of claim 10 wherein 



6 



11 



EP 0 368 268 B1 



12 



said hing means (31) comprises a flat flexible 
pi c of metal. 

12. The carriag assembly of claim 10 or 11 wherein 
said upper and lower arms (30, 82), said upper 5 
and lower gimbals (111, 113), said upper and low- 
er magnetic read/write heads (40, 80) and said 
hinge means (31) are comprised of materials that 
compensate for the effects of hygroscopic and 
thermal expansion. 

13. The carriage assembly of claim 12 wherein 
said upper and lower arms (30, 82) comprise car- 
bon filled polycabonate material. 

14. The carriage assembly of claim 12or 13wherein 
said hinge means (31 ) comprises chromium-nick- 
el austentic steel. 

15. The carriage assembly according to any of claims 
12 to 14 wherein 

said upper and lower gimbals (111, 113) comprise 
chromium-nickel austenitic steel. (AISI Type 
301/302). 



kundaren Wagen oder Schlitt n (62), die Magnet- 
(26) und Spulen- (28) T ile aufw ist, w Ich 
lektromagn tisch zur r lativ n V rschi bung 

derMagn t-undSpul nt il (26, 28) wechselwir- 

ken, 

dadurch gekennzeichnet, daR eine optische Ab- 
tasteinrichtung (34) uber dem zweiten Wagen 
Oder Schlitten (62) angeordnet ist, urn Rege- 
lungsspurverfolgungsinformation von der f lexib- 
len magnetischen Scheibe (56) abzuleiten, und 
da& die Feinpositioniereinrichtung (33) die Ver- 
schiebung des sekundaren Wagens oder Sch I it- 
tens (62) in Abhangigkeit von einem von der op- 
tischen Abtasteinrichtung (34) abgeleiteten Si- 
gnal mit sich bringt, so daft die Arme (30, 82) und 
Kopfe (40, 80) zu der flexiblen magnetischen 
Scheibe (56) feinausgerichtet warden. 

2. Wagen- oder Schlittenanordnung gemaR An- 
spruch 1, dadurch gekennzeichnet, daS eine Po- 
sitionsabtasteinrichtung (100, 104) zur Bestim- 
mung des gegebenen Abstandes (108) zwischen 
dem sekundaren Wagen oder Schlitten (62) und 
dem Basiswagen oder -schlitten (14) vorgesehen 
ist 
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3. Wagen- oder Schlittenanordnung nach Anspruch 
2, dadurch gekennzeichnet, da& die Positionsabta- 
steinrichtung (100, 104) eine Lichtreflexionsabtast- 
30 und Emissionshalbleitervorrichtung (100) umfa&t, 

die an dem sekundaren Wagen oder Schlitten (62) 
angebracht ist, ferner eine an dem Basiswagen 
(14) angebrachte ref lektierende Unterlage (1 04). 



Patentanspruche 

1. Wagen- oder Schlittenanordnung zur Anwen- 
dung mit einem Antriebssystem einer flexiblen 
magnetischen Scheibe (56), mitfolgenden Merk- 
malen: 

ein oberer Arm (30) zum Tragen eines oberen ma- 
gnetischen Leseschreibkopfes (40) und ein unte- 
rer Arm (82) zum Tragen eines unteren magneti- 
schen Leseschreibkopfes (80); 
ein oberer Lagerbugel (111) zur Schaffung einer 
flexiblen Befestigungsstelle zur Befestigung des 
oberen magnetischen Leseschreibkopfes (40) 
am oberen Arm (30), ein unterer Lagerbugel (113) 
zur Schaffung einer flexiblen Befestigungsstelle 
zur Befestigung des unteren Leseschreibkopfes 
(80) am unteren Arm (82), wobei der obere und 
der untere Lagerbugel (111, 113) jeweils dunne 
biegsame Metallteile umfassen.; 
ein Basiswagen oder -schlitten (14); 
eine Grobpositioniereinrichtung (20, 22), die mit 
dem Basiswagen oder -schlitten (14) zu dessen 
Bewegung in einer linearen Richtung verbunden 
ist; 

ein Sekundarwagen oder -schlitten (62), der von 
dem Basiswagen oder -schlitten (14) uber eine 
flexible Teile-Einrichtung (70, 72) gesturzt wird 
und die Lagerbugel (111, 113) tragt, wobei der un- 
t re Lagerbug I (113) in unterschiedliche 
Federk nnlini gegenub rd r des oberen Lager- 
bugels (111) aufweist; 

eine Feinpositioni reinrichtung (33) fur den se- 



as 4. Wagen- oder Schlittenanordnung nach einem der 
; Anspruche 1 bis 3, dadurch gekennzeichnet, daft 
die Grobpositioniereinrichtung (20, 22) einen 
Schrittschaltmotor (20) umfa&t 

40 5. Wagen- oder Schlittenanordnung nach einem der 
Anspruche 1 bis 4, dadurch gekennzeichnet, daft 
die Feinpositioniereinrichtung (33) einen an dem 
Basiswagen (14) befestigten Permanentmagne- 
ten (26) und eine an dem Sekundarwagen (62) 

45 befestigte Sprechmuschelspule (28) aufweist 

6. Wagen- oder Schlittenanordnung nach einem der 
Anspruche 1 bis 5, dadurch gekennzeichnet, daft 
der Sekundarwagen (62) an dem Basiswagen 

so (14) uber die flexible Teile-Einrichtung (70, 72) 
befestigt ist, welch e mindestens ein f laches fle- 
xibles dunnes Metallstuck umfa&t 

7. Wagen- oder Schlittenanordnung nach einem der 
55 Anspruch 1 bis 6, dadurch gek nnzeichnet, daft 

der magn tische Leseschreibkopf (40, 80) in 
Offnung (90) aufweist, die sich senkrecht durch 
den Magnetkopf (40, 80) rstreckt, urn Licht zwi- 
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schen der magn tischen Sch ib (56) und der 
optischen Abtast inrichtung (34) hindurchzulas- 
s n. 

8. Wagen- oder Schlittenanordnung nach Anspruch 
7, dadurch gekennzeichnet, daR die optische Ab- 
tasteinrichtung (34) auf dem sekundaren Schl it- 
ten (62) gelegen ist. 

9. Wagen- oder Schlittenanordnung nach einem der 
Anspruche 1 bis 8, dadurch gekennzeichnet, daft 
dersekundare Schlitten (62) aus solchen Mate- 
riatien zusammengesetzt ist, welches zur Kom- 
pensation von hygroskopischen und thermischen 
Ausdehnungen ausgewahlt ist 

1 0. Wagen- oder Schlittenanordnung nach einem der 
Anspruche 1 bis 9, dadurch gekennzeichnet, daft 
der obere Arm (30) mit dem unteren Arm (82) fiber 
eine Scharniereinrichtung (31) verbunden ist, urn 
eine Bewegung des oberen Arms (30) relativ zum 
unteren Arm (82) zu ermoglichen, so dad die ma- 
gn etische Scheibe (56) zwischen den oberen und 
unteren Armen (30, 82) eingefugt werden kann. 

11. Wagen- oder Schlittenanordnung nach Anspruch 
10, dadurch gekennzeichnet, daft die Scharnier- 
einrichtung (31) ein f laches flexible Metall stuck 
umfafct. 

12. Wagen- oder Schlittenanordnung nach Anspruch 
10 oder 11, dadurch gekennzeichnet, daR die 
oberen und unteren Arme (30, 82), die oberen 
und unteren Lagerbugel (111, 113), die oberen 
und unteren Leseschreibkopfe (40, 80) und die 
Scharniereinrichtung (130) aus Materialien zu- 
sammengesetzt sind, die zur Kompensation der 
Auswirkungen der hygroskopischen thermischen 
Expansion ausgewihlt sind. 

13. Wagen- oder Schlittenanordnung nach Anspruch 
12, dadurch gekennzeichnet da& die oberen und 
unteren Arme (30, 82) mit Kohlenstoff gefulltes 
Polykarbonatmaterial umfassen. 

14. Wagen- oder Schlittenanordnung nach Anspruch 
12 oder 13, dadurch gekennzeichnet daB die 
Scharniereinrichtung (31) austenitischen Stahl 
mit Chromnickel umfaSt. 

15. Wagen- oder Schlittenanordnung nach einem der 
Anspruche 12 bis 14, dadurch gekennzeichnet 
da& die oberen und unteren Lagerbugel (111, 
113) austenitischen Stahl mit Chromnickel (AISI- 
Type 301/302) umfassen. 



Revendicati ns 

1. Ens mbl chariot pour utilisation avec un syste- 
m d' ntraTnement d'un disquett magnetique 

5 (56), comprenant : 

un bras superieur (30) pour supporter une 
tele magnetique superieure de lecture/ecriture 
(40) et un bras inferieur (82) pour supporter une 
tete magnetique inferieure de lecture/ecriture 

10 (80) ; 

une rotule superieure (111) pour real is er 
un point de fixation souple pour fixer ladite tete 
magnetique superieure de lecture/ecriture (40) 
audit bras superieur (30), une rotule inferieure 

is (113) pour realiser un point de fixation souple 
pour fixer ladite tete magnetique inferieure de' 
lecture/ecriture (80) audit bras inferieur (82), la- 
dite rotule superieure (111) et ladite rotule infe- 
rieure (113) comprenant des pieces de metal min- 

20 ces sou pies ; 

un chariot de base (14) ; 
un moyen de position nement grassier (20, 
22) raccorde de maniere mecanique audit chariot 
de base (14) pour deplacer celui-ci dans une dk 

25 rection rectiligne ; 

un chariot secondaire (62) supporte parle- 
dit chariot de base (14) par rintermediaire de 
moyens formant elements sou pies (70, 72) et 
supportant lesdites rotules (111, 113), ladite rotu- 

30 le inferieure (1 1 3) ayant une constante de ressort 
differente de la constante de ressort de ladite ro- 
tule superieure (111) ; 

un moyen de posittonnementfin (33) pour 
led it chariot secondaire (62) incluant des ele- 

35 ments aimant (26) et bobine (28) interagissant de 
facon electromagnetique pour deplacer les ele- 
ments aimant et bobine (26, 28) Tun par rapport 
a I'autre ; 

caracterise en ce qu'un moyen de detec- 
40 tion optique (34) est place sur ledit chariot secon- 
daire (62) pour obtenlr une information d'asser- 
vissementdesuivi de piste a partirde ladisquette 
magnetique (56) ; et 

en ce que ledit moyen de positionnement 
45 fin (33) provoque le deplacement dud it chariot se- 
condaire (62) en reponse a un signal electrique 
obtenu a partir dudit moyen de detection optique 
(34), de sorte que lesdits bras (30, 82) et lesdites 
tetes (40, 80) sont positionnees f inement par rap- 
so port a ladite disquette magnetique (56). 

2. Ensemble chariot selon la revendication 1, 
comprenant en outre : 

un moyen de detecti n de position (100, 
55 104) pour det rmin r la distance donne (108) 

separantl chariots condair (62) du chariot de 
base (14). 
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3. Ensemble chariot selon la revendication 2, dans 
lequ I ledit moyen d detection d position (100, 
104) comprend : 

un dispositif a semi-conducteur (100), fixe 
audit chariot secondare (62), detectant et 6met- 
tant une reflexion de lumiere ; et 

une plaquette reflechissante (104) fixee 
audit chariot de base (14). 

4. Ensemble chariot selon I'une quelconque des re- 
vendications 1 a 3, dans lequel : 

ledit moyen de position nement grassier 
(20, 22) comprend un moteur pas-a-pas (20). 

5. Ensemble chariot selon I'une quelconque des re- 
vend ications 1 a 4, dans lequel : 

ledit moyen de positionnement fin (33) 
comprend un aimant permanent (26) fixe audit 
chariot de base (14) et une bobine mobile (28) 
fixee audit chariot secondaire (62). 

6. Ensemble chariot selon I'une quelconque des re- 
vend ications 1 a 5, dans lequel : 

ledit chariot secondaire (62) est fixe audit 
chariot de base (14) par lesdits moyens formant 
element sou pie (70, 72) qui comprennent au 
moins une piece de metal mince plate souple. 

7. Ensemble chariot selon I'une quelconque des re- 
vend ications 1 a 6, dans lequel : 

ladite t£te magnetique de lecture/ecriture 
(40, 80) comprend une ouverture (90) traversant 
perpendiculairement ladite tfite magnetique (40, 
80) pour permettre a la lumiere de passer entre 
ladite disquette magnetique (56) et ledit moyen 
de detection optique (34). 

8. Ensemble chariot selon la revendication 7, dans 
lequel : 

ledit moyen de detection optique (34) est 
place sur ledit chariot secondaire (62). 

9. Ensemble chariot selon I'une quelconque des re- 
vendications 1 a 8, dans lequel : 

ledit chariot secondaire (62) est compose 
de matieres propres a compenser les ef fets de la 
dilatation hygroscopique etthermique. 



11. Ensemble chariot selon la revendication 10, dans 
lequel : 

I dit moyen formant charniere (31) 
comprend une piec d metal plat soup) . 

5 

1 2. Ensemble chariot selon la revendication 1 0 ou 1 1 , 
dans lequel : 

lesdits bras superieur et inferieur (30, 82), 
lesdites rotules superieure et inferieure (111, 
10 11 3), lesdites tetes magnetiques superieure et in- 
ferieure de lecture/ecriture (40, 80) et ledit moyen 
formant charniere (31) sont constitute de matie- 
res qui compensent les effets de la dilatation hy- 
groscopique et thermique. 

15 

13. Ensemble chariot selon la revendication 12, dans 
lequel : 

lesdits bras superieur et infeneur (30, 82) 
sont const it ues d'une matiere a base de polycar- 
20 bonate chargee de carbone. 

14. Ensemble chariot selon la revendication 12 ou 
1 3, dans lequel : 

ledit moyen formant charniere (31) est 
25 constitue d'acier austenitique au nickel-chrome. 

15. Ensemble chariot selon I'une quelconque des re- 
vend ications 12 a 14, dans lequel : 

lesdites rotules superieure et inferieure 
30 (111, 113) sont constitutes d'acier austenitique 
au nickel-chrome (Type 301/302 de I'A.I.S.I. 
(American Iron and Steel Institute)). 



35 



40 



45 



10. Ensemble chariot selon I'une quelconque des re- 
vendications 1 a 9 ( dans lequel : so 

ledit bras superieur (30) est raccorde audit 
bras inferieur (82) par un moyen formant charnie- 
re (31) pour permettre le deplacement dudit bras 
superieur (30) par rapport audit bras inferieur (82) 
d sort que ladite disquette magnetique (56) 55 
puisse etre inseree ntr lesdits bras superi ur 
t inferieur (30, 82). 
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